and Productivity ECONOMISTS HAVE ATTEMPTED TO ESTIMATE potential gross national product for over a decade now. Potential GNP measures the output the economy would produce if it were operating at some fixed, fairly low level of unemployment, usually defined by an aggregate unemployment rate of about 4 percent. The difference between potential and actual GNP at any point in time is known as the GNP gap. In 1962, Arthur Okun published an analysis that has been the benchmark for official measures of potential GNP ever since, and in the process enunciated what came to be known as Okun's law, which relates the unemployment rate to the percentage GNP gap.' Potential GNP and Okun's law became two of the handiest tools of analysis and presentation for economic stabilization problems. Particularly during the first half of the 1960s, when GNP was running below potential and policy was devoted to closing the gap, no sophisticated analysis of the economy failed to identify the loss in real output that was associated with an economy falling short of full employment. The careful estimation of the full employment surplus in the federal budget has been an important by-product of the estimation of potential * I want to thank Nancy Hwang and Herbert F. Lowrey, Jr., who did all of the computations in this paper. GNP.2 By estimating the revenues and expenditures that would be generated by the economy operating at its potential level, and comparing these with actual revenues and expenditures, one can determine with a useful degree of precision that part of a budget surplus or deficit attributable to cyclical deviations in the economy around potential. Medium-term projections of the economy have also come to depend on projections of potential GNP. The last two reports of the Council of Economic Advisers have used the concept in this way, projecting the total GNP that would be available in future years and the various end uses to which it could be put under alternative economic policies. The attempts over the last decade to quantify potential output have focused attention on two important matters: the implications, in terms of lost output, incomes, and revenues, of operating the economy below its potential level; and the changes that could be expected in the growth rate of the economy's potential as a result of changes in the factors that underlie it.
potential is defined as the output the economy would produce with 4 percent unemployment.
In describing the other approach to the problem-measuring the ingredients of growth in the economy's potential output year by year-Okun found a trend growth rate of 3.5 percent a year during the years covered by his study (1954-62) and, in simplest form, decomposed this growth into a 1.2 percent and a 2.3 percent annual rate of growth in the labor force and in output per man employed, respectively, estimates that took account of a gradual decline in average hours worked per man during the period.
As economic expansion narrowed the GNP gap that had existed at the time Okun made these estimates, both these methods of estimating potential GNP stood up very well. By the middle of the decade, the gap had been closed and actual GNP corresponded to estimated potential. But since 1965, some unexpected things have happened to the determinants of potential GNP.
After growing at nearly the predicted potential rate of 1.2 percent during the previous decade, the labor force grew at an average annual rate of almost 2.4 percent between 1965 and 1970. With the simplified formula that allows for a 2.3 percent trend growth rate in output per man, an expansion this rapid in the potential labor force would indicate a 4.7 percent annual growth in potential GNP over the interval. This rate is much faster than anyone had projected and much faster than that which actually developed, despite falling unemployment rates over most of the period.
However, during these same years, the unexpected surge in labor force growth was accompanied by an equally unexpected dip in average hours worked per employee, and disappointing growth in actual labor productivity. In Table 1 , the actual changes in the labor force, average hours of work, and productivity over this period are compared with their changes in earlier years. The surprises in hours of work and productivity affected output growth in the opposite direction from the surge in the labor force. As a result, until 1969, Okun's law kept working well in relation to the official estimates of potential.
Official estimates, reflected in the Economic Report of the President and in the Census Bureau publication, Business Conditions Digest, accept the methodology of adding trend productivity growth to the growth of the potential manhours of labor input in the economy in order to measure the growth of potential output. But the official estimates of these components of potential output growth are periodically adjusted to reflect developments in actual output and unemployment. They indicate that potential output grew at an average annual rate of about 4 percent from 1965 to 1970. This downward adjustment from the naive 4.7 percent growth projection is in the right direction, but the justification for it is not clear. Which of the changes shown in Table 1 are likely to represent new trends in the components of potential output growth, which are likely to prove transitory, and how do they add up to a quantitative estimate of current potential GNP?
The performance of productivity over this interval is of particular interest in itself. Changes in the productivity trend have important implications for the level of profits in the economy3 and for the distribution of income more generally. They are significant for understanding inflation since the productivity trend determines the translation of hourly wage costs into standard wage costs per unit of output, which constitute the prime determinant of price movements.4
Elements of GNP Growth WEIGHTED LABOR FORCE VARIABLES
In a recent paper I discussed the significance of the changing age-sex composition of the pool of unemployed workers for the question of inflation.5 I noted that large and persistent differences exist in the effective 3. Arthur M. Okun and George L. Perry, "Notes and Numbers on the Profits labor supply offered by individuals in the several age-sex groups. In order to take account of these differences, the average wage and average number of hours worked per week by individuals in the various groups were used to weight the number of individuals in each group. This led to the concept of a weighted unemployment rate, defined as the ratio of weighted total unemployment to the weighted total labor force. The same weighting adjustments are even more directly relevant for measuring the real labor input associated with a given employment total. So it is natural to conduct an analysis of productivity and potential output in these terms.
The effect of the changing composition of employment has always been implicitly accounted for in past studies of potential output growth. Changes in the relative composition of employment that change average labor productivity or average hours worked per man become one element determining the average trend in these sources of growth. But if the compositional change is not proceeding at a steady rate, it becomes important to take explicit account of its effect in order to isolate other changes that may be taking place. In order to do this, I have used relative wages and hours of work to weight the various labor force groups. Because employment and average hours are generally treated separately in analyzing potential output growth, it seemed most natural to weight employment by the relative wages of the age-sex groups and to use differences in average hours among groups to help explain the observed movements in economywide average hours. Weighted employment thus refers to the sum of wage-weighted employment for each age-sex group, with the wage weights corresponding to the relative wages earned by the average worker in each age-sex group. These wage weights are proxies for the relative productivities of workers. In the weighted employment total, an employee whose productivity (as measured by his wage) is only half the average productivity of all workers gets only half weight.
Since the composition of the work force has been shifting continually toward relatively more women and young workers, individuals who have relatively low wage weights, the growth rate of weighted employment is lower than that of officially measured employment throughout the postwar period. But while the difference between the growth rate of the two measures averaged about 0.2 percentage point until 1965, it became 0.5 percentage point during the 1965-70 period. This change makes it especially important to use' the weighted employment variable in analyzing the trend of productivity and potential output in recent years.
In order to examine potential growth and some of its characteristics more carefully, I have used the weighted labor force concepts to conduct a new analysis covering the whole postwar period. This involves estimating the trend growth of labor force participation rates, average hours per worker, and productivity along the potential path, and their departure from trend values associated with operating at output levels other than potential GNP. Taking explicit account of labor force composition turns out to provide new information on these estimates of potential and assists understanding of the recent behavior of productivity.
PARTICIPATION RATES
For some groups in the population, notably women and young workers, the fraction of the population that is in the labor force has varied substantially over the postwar period. These labor force participation rates vary cyclically, with a larger fraction of the population in the labor force when unemployment is low than when it is high. They also vary through time for reasons that are independent of the unemployment rate. Over most of the postwar period, participation rates in these groups have risen. While both the cyclical sensitivity and the rising trend of participation rates stand out clearly in the data, the precise forces governing participation rates are complex. They can be approximated only crudely by statistical relations that try to explain participation rates in terms of unemployment rates and a time trend. However, it is impossible to take explicit account of all the things that should help explain participation rates. And estimates of the potential labor force are needed.6
As a necessary compromise, I have let actual labor force growth tell most of the story. The first step was to estimate participation rate equations of the following form:
(1) (pt) = A +a(l (1-ut) + bi log Tt, 6. The labor force and employment data and the data on average hours of work that are used in this paper are based on data supplied by Edward F. Denison from a draft of a forthcoming study. They are derived primarily from the establishment-based data of the Office of Business Economics, which are published in July issues of the Survey of Current Business, with additions made for workers not covered by the establishment data in order to make the labor input total comparable with the output total represented by real GNP. The appendix describes how I matched these data to the official labor force series adjusted for definition and census benchmark changes in order to allocate the total among the age-sex groups in the population. where L = labor force P = population i = subscript designating age-sex groups t = dating subscript A = a constant u* = weighted unemployment rate as defined above, with 1 -u*, the weighted unemployment rate, taken as a measure of labor market tightness log T = a time-trend term in which T equals 100 in the first quarter of 1948 and rises by 4 each year.
A separate equation was estimated for each age-sex group from annual data fitted to 1948-69. The estimates are given in the appendix.7 Generally, equations of this form are used to estimate potential participation rates by setting the employment rate at its potential value and solving for the participation rate in each year.8 This simply allows the estimated time trend to determine the path of potential participation rates. Rather than doing this, I have used the employment rate coefficient, ai, to adjust the actual participation rate each year to an estimated potential level for that year. The difference between the actual and potential weighted employment rate is multiplied by a, to get the estimated marginal change in participation rates that would have come from being at the potential unemployment rate. Thus the time trend in equation (1) serves simply as the best available variable to use in arriving at an accurate estimate of the effect of unemployment on participation rates. Since factors affecting the trend of the potential labor force should be expected to affect the actual labor force as well, this procedure should yield more sensible estimates, particularly for the crucial period of the late 1960s. In that period, unemployment was near its potential level, thus minimizing the error from the marginal adjustment that is made.
7. Equations using lagged as well as current employment rates were tried, but the lagged terms were insignificant. I also tried the employment rate squared, both adding it to equation (1) and using it by itself, to see if the effect was nonlinear, but it was not. Equations using the conventional unemployment rate in place of u* gave slightly inferior fits This way of estimating makes a big difference in recent years when actual participation rates have climbed much faster than any equation fitted to earlier periods would have predicted. Had predictions been made directly from the equation, the potential labor force would have been estimated well below the actual labor force, even after adjustment of the actual labor force for unemployment experience in the period. Perhaps a one-year surge in participation rates could have been regarded as aberrant and as irrelevant to an estimate of the trend of potential. But after five years of such experience, one must accept the verdict of the actual data. The fact that lagged employment rates and nonlinear forms of the employment rate were not useful variables in the equation further strengthens the presumption that a change in the trend of participation rates occurred in this period.
After potential participation rates for each year for each age-sex group were estimated in the manner just described, the potential labor force was projected separately for each group by multiplying its potential participation rate by its population in each year. The total potential labor force series is given in the appendix.
The effect of unemployment on the overall labor force participation rate varies through time with the changing composition of the work force. For recent years, the estimates indicate that a drop of one percentage point in the official unemployment rate would induce an increase of 500,000 in the labor force. Thus, taking account of this enlarged labor force, an employment increase of 1,340,000 workers, or 1.6 percent, would be needed to reduce the unemployment rate 1 percentage point.
POTENTIAL WEIGHTED EMPLOYMENT
Potential employment was calculated using the estimates of each group's potential labor force together with an estimate of what each group's unemployment rate would be along the potential path each year. These unemployment rate estimates were made by adjusting each year's actual unemployment rate for each group as described in the appendix. Just as in calculating actual weighted employment, potential employment in each group was multiplied by the relative wage for the group, and these estimates were added over all age-sex groups to arrive at potential weighted employment for the whole economy.
AVERAGE HOURS
Over the postwar period, the average hours worked per year per employee show clear cyclical fluctuations as well as a persistent downward trend. The cyclical fluctuations demonstrate mainly that employers vary average hours as well as employment in response to changes in their own demand for labor. Higher unemployment rates mean less overtime and an increase in short workweeks of employment. To a smaller extent, the cyclical fluctuation in average hours may reflect some relative shift in employment away from manufacturing industries, where average weekly hours are high, and toward less cyclically sensitive industries, such as retail sales and services, where the standard workweek is shorter. The downward trend in average hours that is apparent once cyclical fluctuations are accounted for has not proceeded at the same rate throughout the postwar period. Through the mid-1950s, the downtrend was relatively fast as manufacturing industries moved to a standard forty-hour week. After that time, there was little further drift in the standard manufacturing workweek, and the economy-wide downtrend in average hours slowed. Then, surprisingly, average hours declined sharply again in the 1965-68 period.
Because there are persistent differences in the relative number of average hours worked by different age-sex groups in the labor force, the changing mix of employment contributes to the trend in economy-wide average hours of work. In order to isolate underlying trends in average hours from the effects of the changing employment mix, I eliminated the annual change in hours that was due purely to changes in the relative mix in employment. The resulting series was then explained by its statistical relationship to the weighted unemployment rate and time trends. The best-fitting equation for the postwar period was ( The last trend variable, T3, is clearly contrived to fit the data, and I have no independent reason to justify it. That it was needed even with data cleansed of employment mix effects is evidence that the 1965-68 decline in average hours is based on much more than the sharp rise in the employment of workers from age-sex categories with short workweeks. I conducted some other tests that convinced me that the recent decline in hours should be treated as a permanent change in the level of the trend. In particular, it did not appear that employers were reacting to the very tight labor markets of these years by hiring more employees than they normally would have in case they would be needed later, compensating by reducing average hours of work more than they normally would. If this had been the case, it should have shown up in the statistics on involuntary part-time employment. The fraction of workers on part time for economic reasons is historically closely related to the unemployment rate. Regressions showed that, during these years, the historical relationship continues to explain this category of part-time employment with no unusual errors. Equation ( An awkward problem of terminology now arises. I want to retain the accepted normative definition of potential output as the output that would be produced with the economy operating at around a 4 percent official unemployment rate. Thus the modifier "potential" will continue to refer to magnitudes defined along a path corresponding to a constant official unemployment rate. But analytically, it becomes more natural for some purposes to work with the growth path defined by a constant weighted unemployment rate. So I shall use the modifier "trend" to refer to magnitudes defined along a growth path corresponding to a constant weighted unemployment rate. Both the trend and potential paths are defined to pass through the actual real GNP level in the third quarter of 1955, a convention that defines the unemployment rate along the potential path to be 3.87 percent with the labor force data used here and the weighted unemployment rate along the trend path to be 3.37 percent.10
Because of gradual changes in the age-sex composition of total unemployment, the official unemployment rate has been rising gradually along the employment path defined by a constant weighted unemployment rate. 10. These unemployment rates are based on data that include the armed forces in employment and the labor force and that are adjusted for census benchmark revisions and definition changes, as discussed in the appendix. At present, the official unemployment rate corresponding to the potential path is 4.05 percent. The values of weighted employment and average hours along the trend path are estimated in a manner exactly analogous to the estimates made along the potential path that are described above.
Thus potential output and trend output differ by noticeable amounts. But it makes little difference whether the analytics described here are conducted along the trend path and then adjusted to potential, as I do, or conducted along the potential path in the first place.
A Model of Productivity and Output
The procedure for estimating trend GNP starts by wedding propositions about the behavior of labor productivity, and applies them to wageweighted employment rather than to employment as conventionally measured. These propositions correspond to the two ways of viewing the concept of trend GNP: as a fairly smooth growth path passing through years when GNP is known to have been at its trend level (a growth view); and as a predictable relationship between the deviation of GNP from its trend and the weighted unemployment rate (a gap view). The simplest version of the model will be explained first and then some elaborations of it will be reported.
The proposition that, along the trend output path, weighted labor productivity grows at a constant rate is expressed by the formula Here Q and H are the hypothetical levels of output (real GNP) and labor input (weighted trend manhours) along the growth trend of the economy defined by a constant (low) weighted unemployment rate. The trend of weighted labor productivity grows at the rate r each year; T is a time trend; and B is a constant.
The proposition that, in any given year, weighted labor productivity is higher the higher the level of labor input can be expressed directly by a formula such as The combining of the growth and gap equations, (3) and (4), results in an equation from which to estimate the growth rate, r, and the proportionality factor, b, using only the trend labor input estimated earlier and actual, observable data on output and labor input:
For estimation purposes, this equation is expressed in logarithmic form:
(6) log (Q) -log B + rTt + b log () .
CHANGES IN TREND PRODUCTIVITY
Although the weighted productivity trend may grow smoothly, the assumption that its growth rate never changed throughout the postwar period, as implied by equation (3), may be too restrictive. In particular, aggregate production functions for the economy that explicitly measure the input of capital as well as of labor result in estimates of potential labor productivity that depend on the size of the capital stock at any time.11 Such models imply that, other factors being equal, the growth rate of labor productivity will be positively related to the growth rate of the capital stock with which labor works. In practice, attempts to measure such aggregate production functions have not led to estimates of labor productivity that show sharp changes in its growth rate over the postwar period. Changes in the capital-labor ratio, the infusion of new technology, and improvements in the average education of the work force-the major influences on labor productivity-come about only gradually.
Still, the assumption of a completely unchanged rate of productivity growth along the trend path may be too restrictive. Equation (6) estimated separately for various subperiods of the postwar years in order to see if noticeable differences in the estimated productivity trend could be observed. Differences did arise but, invariably, changes in the estimates of r, the productivity trend, went along with changes in the estimate of b, the cyclical productivity term. This was particularly noticeable when subperiods were broken at extremes of cyclical peaks or troughs such as 1953, indicating that the statistical estimates were confusing the two sources of change in actual labor productivity. In order to minimize this problem, the equations were constrained to keep the cyclical response of productivity measured by b unchanged throughout the period, while permitting the trend of productivity, r, to vary by introducing additional time trends. The new estimating equation embodying these assumptions is (7) log Q) = log B + riTi, + r2T2t + r3T3t + b log ()H.
The several productivity terms, ri, r2, and r3, are additive for all times when their corresponding time indexes are nonzero. To examine the possibility that the productivity trend changed at various times during the postwar period, the periods for starting the time indexes were varied. This method of scanning the data for possible interruptions in the productivity trend invites the discovery of breaks that may be spurious. The estimates obtained must be viewed with this in mind. On the other hand, the failure to achieve improvement in statistical fit with the additional time trends would be fairly strong evidence that the trend growth of productivity did not vary noticeably over the period.
VARIATION IN GAP RESPONSE
Equation (4a) implies that, at a given time, weighted labor productivity will be greater the higher the level of labor input. This tendency has been widely observed. But it is less clear that the productivity improvement should continue at the same rate as employment levels are pushed higher and higher. Should the productivity gain available from operating at 5 percent rather than 6 percent unemployment rates be expected to be the same as the improvement available in operating at 3 percent rather than 4 percent unemployment?
Many factors contribute to the increased productivity that is observed. Within a given industry, some employment is of an overhead nature, varying little if at all with variations in production. For the economy as a whole, industries whose production and employment are cyclically more sensitive experience, on the average, higher levels of labor productivity than most others; thus as these high-productivity industries increase their relative share of total employment, economy-wide average labor productivity increases. It is worth noting that the weighting of employees that has been used in this study could be expected partly to offset this last effect since the workers in industries with high labor productivity are relatively high-weight workers; this means that the effect identified as productivity change in studies with body-count measures of employment will be captured here, in part at least, as a change in weighted employment rather than in productivity. On the other hand, the overhead labor effect will probably appear more strongly in the present study, since technical and supervisory personnel, whose employment experiences cyclical variations below the average, tend to be high-weight individuals.
There are also forces working to reduce average labor productivity as employment levels rise, most notably the likelihood that the marginally unemployed at any time constitute a labor group with lower average skills than their employed counterparts. But most of this effect should disappear when labor input is measured by weighted employment.
It is beyond the scope of my purpose in this paper to try to sort out each of these effects. But I have tried to test whether their net effect changes as employment levels move nearer to potential and as they move above potential, as they did in recent years and during the Korean war period. In order to test this possibility, equation (4) In this form of the equation, the sum b1 + b2u* gives the proportionality factor applicable at any time. If productivity increments become smaller the lower the unemployment rate, then bi and b2 will both have positive signs. The estimating equation in logarithmic form, which now embodies both the possibility of variations in the long-run productivity trend and the adjustment just described, is (9) log Q = log B + riTit + r2T2t + r3T3t + bi log (H) + b2 (u* log).
LAGS IN CYCLICAL RESPONSE
The equations used thus far make no allowance for cyclical lags in the employment of labor. Reductions in the unemployment rate are known to lag behind a cyclical upturn. This situation reflects in part an increase in average hours of work that substitutes for an increase in employment. Also, there have been periods, such as 1956 and 1969, when productivity growth was interrupted following a substantial cyclical upswing. Some part of this interruption is due to the increasing employment of secondary workers at that stage of the cycle. This part of the effect would disappear with the labor input measure used here since it weights employment to eliminate productivity differences among workers and thus permits tests for those true lags in productivity that exist. Unfortunately, the use of annual data will reveal only substantial lags, and some genuine cyclical characteristics of the relation between output and labor input may be lost.
The change in the labor input gap was introduced into equation (4) The estimates of the various forms of the model just discussed and shown in Table 2 permit a comparison of some alternative hypotheses about the behavior of productivity. One kind of comparison is among the three forms of equations. It permits selection, from among the gap-type specifications, of the form that best captures the relation between output 12. Lageffects could also be introduced by a change term such as Ht/Ht-1. This implies a slightly different response when the growth rate of H changes. Estimates using this alternative were slightly inferior to those with the form shown here. Alternative equations. Equation (7) is the simplest form tested. Estimates using it are shown in the first bank of columns in Table 2 . The estimates in row (a) correspond to equation (6), which is a special case of equation (7) in which the productivity trend is unchanged throughout the period. Equation (9) allows the relation between the output gap and the labor input gap to vary with the weighted unemployment rate, which has the coefficient b2 in the table. Estimates are shown in the second bank of columns in Table 2 . The estimates of the coefficient b2 have the right sign in the equation for every combination of subperiods, suggesting that there is some of the suspected effect: The productivity gains available from each increment of gap closing diminish as the gap itself gets smaller (or grows larger negatively). But while the expected sign persists, in no case is the coefficient estimate as much as twice as large as its standard error, and in most cases it is not larger than its standard error. In all cases, the standard error of estimate of the equation is worsened slightly rather than improved in the shift from the equation (7) to the equation (9) specification. Equation (11), estimates for which are shown in the third bank of columns, allows the dynamics of employment change to affect the relation between output and employment. This amendment to the simple model yields better results. The positive coefficients estimated on the dynamic term are typically twice their standard error and the standard errors of estimate of all the equations are smaller than their counterparts in the estimates from equation (7).
The positive coefficients for the dynamic term predict the following pattern between labor input and output changes during a cyclical movement of the economy. Starting from a constant input gap, a surge of employment in one year will be accompanied by an especially large increase in output, improvement in productivity, and reduction in the output gap. If the input gap remains unchanged in the second year, with its growth just equal to its trend, it will be accompanied by a widening of the output gap and an increase in productivity slower than trend. If the input gap continues unchanged in the third year, output and productivity will grow at their trend rates and the output gap will remain unchanged. If input growth is especially slow in the fourth year and input gap widens, there will be an especially slow growth in output and productivity and an especially large increase in the output gap.
Alternative productivity trends. The most striking thing about comparisons of different rows in Table 2 Thus, the results reported in Table 2 lead me to accept the hypothesis that the weighted productivity trend was constant throughout the postwar period. There is no reason to reject the row (a) estimates in favor of any others.
PRODUCTIVITY TRENDS Equation (1la) can be used to provide estimates of productivity and output trends. Two adjustments are necessary to produce estimates in conventional form. The first is simply to convert from the trend path, defined by a constant weighted unemployment rate, to the potential path, defined by a constant official unemployment rate. This conversion is discussed below in connection with estimating potential output and is not quantitatively important for estimates of productivity trends. The second adjustment is basic to the method used here. Equation (I Ia) says that, throughout the postwar period, weighted labor productivity grew at a constant rate of about 3 percent a year along the trend path. But this means that trend labor productivity as commonly measured-using unweighted manhours-varied as the relation between weighted and unweighted trend manhours varied. This proposition in turn implies a growth rate of trend productivity slower than 3 percent throughout the period, since the relative importance of low-weight employees grew. It also implies that the growth rate changed in various periods since the relative composition of employment did not change at the same rate throughout. Table 3 shows the effect of these shifts on conventionally measured productivity growth along the potential path. The annual rate of productivity advance slows from 2.9 percent in 1948-55 to 2.7 percent in 1955-65 and to 2.4 percent in 1965-70. Potential Output Equation ( lla) is used to calculate potential output for the postwar years. The steps used in these calculations are as follows:
1. The weighted unemployment rate that would prevail along the potential path was estimated for each year based on disaggregated unemployment totals by age-sex categories. (Along the potential path, the weighted unemployment rate declined noticeably from the mid-1950s to the late 1960s.) 2. The potential labor force by age-sex categories was then calculated using the unemployment coefficient in the participation rate equations to adjust the trend labor force. Weighted potential employment was calculated from this and combined with estimates of potential average hours from equation (2) to produce an estimate of potential labor input.
3. Potential output was calculated by fixing it equal to actual real GNP in the third quarter of 1955 and projecting the years before and after 1955 by using the growth rate of potential labor input each year in equation (lla). Table 3 Table 4 , along with actual GNP and the gap between potential and actual. In Figure 1 , the difference between potential GNP based on the model of this paper and the official estimates of potential GNP are shown for the period from 1952, the first year for which official estimates are available, up to the present. The discrepancy between the two estimates is largest at the start and end of the period, but is not particularly large at any point. However, the present estimates indicate a 
VARIATIONS IN POTENTIAL OUTPUT GROWTH

GNP Gaps and Okun's Law
The GNP gap based on the potential output path can be decomposed into its employment, average hours, and productivity components using the same equations that were used to estimate potential GNP. At a point in time, a lower unemployment rate is associated with a larger labor force and employment level and longer average hours of work. These add up to a higher level of labor input, measured by weighted manhours. And this, in turn, is associated with a higher level of labor productivity. The higher levels of labor input and productivity measure the higher level of output that would be produced. Thus, specific estimates of each of these effects can be used to derive a relationship between the output gap and the unemployment rate, analogous to Okun's law. It is important to emphasize that the estimates of potential output shown in Table 3 are unchanged by any of these alternative specifications of the relation between employment and output. The potential path was calculated using the productivity trend, which is estimated to be just under 3.0 percent a year in all the variants discussed. Similarly, estimates of the size of the output gap, as well as the associated shortfall of actual employment, hours, and productivity from their values on the potential path, are the same for all variants since they are calculated as the difference between potential values, which are the same in all variants, and actual values in any year. However, in any year the error in explaining actual productivity will depend on the equation used, since each predicts somewhat different responses of productivity to deviations of the economy from the potential path.
RECENT GNP GAPS AND PRODUCTIVITY
In 1970, the estimated GNP gap, as shown in Table 4 , was 5.8 percent of actual GNP, or about $57 billion. An unusually large part of this estimated gap was associated with the fact that productivity was below its projected potential level. Average hours were 0.44 percent below potential; employment was 1.43 percent below potential; and productivity was 3.87 percent below potential. The employment shortfall represented 1.2 million jobs. Of these, 420,000 were the additional jobs associated with the larger labor force that would have been expected with the economy operating at its potential, and 750,000 represented a reduction in current unemployment.
The 
Linkage to Establishment Data
Employment totals from the Office of Business Economics, based on establishment reports and expanded to cover sectors excluded by those reports,4 were used in the measure of labor input of this study. For each year, discrepancies between this employment total and the total derived from the adjusted data in the CPR series described above were allocated among secondary workers (all but males aged 25 to 64) according to the share of employment of each age-sex group in total employment of secondary workers. The same discrepancy was allocated to the labor force in each group.5 In this way, labor force and employment subtotals for each age-sex group were derived, adding up to the "establishment-Denison basis" totals used here.
Table A-1 compares series on the total labor force and unemployment rate based on these adjustments with the official series. The unemployment rates differ primarily because the armed forces are not included in the official series. The adjustments described above have only a slight effect on unemployment rates. 5. This procedure amounts to assuming that the discrepancy is a reporting error in the employment estimates of secondary workers in the CPR series. Alternatively, it could have been assumed to arise from variations in multiple job holding, resulting in a somewhat different allocation of the discrepancy among age-sex groups. Since either secondary workers or second jobs would receive low weights in converting to the labor input measure used in this study, and since both would be cyclically sensitive totals, it makes little difference for the end result which adjustment is made. The evidence that the discrepancy was due to systematically variable multiple job holding was not persuasive. 
Potential Labor Force and Employment
Table A-2 shows the participation rate equations used to estimate the potential labor force. In order to project potential employment disaggregated by age-sex groups, an assumption was needed about how individual group unemployment rates would be distributed at potential. Experience suggests that proportional changes for all groups would understate the change for groups with high unemployment, while the same percentage point change for all would overstate it. I chose an adjustment lying between these extremes: For each age-sex group in each year, I calculated the "total unemployment rate," defined as the sum of recorded unemployment plus hidden unemployment (the difference between the trend and actual labor force for the group) as a ratio to its trend labor force. At a point in time, this total unemployment rate was assumed to change proportionately for all age-sex groups. The size of the proportionate change in each year was calculated by constraining the total weighted unemployment rate to be 3.37 percent, its constant value along the trend path. Then the same proportional changes in employment were maintained in shifting from the trend to the potential path. Since the groups that experience relatively high unemployment rates also experience large changes in labor force participation as unemployment varies, this way of adjusting individual rates to their po-tential levels falls between the extreme methods of adjustment mentioned above.
Potential employment in each age-sex group for each year was multiplied by the relative wage of workers in that group. These wage-weighted employment estimates for each group were added together to get weighted potential employment for the whole economy. Actual weighted employment was estimated in a parallel manner by adding actual wage-weighted employment over all age-sex groups. In any such study, the first prerequisite is to obtain output and input measures that are as statistically consistent as possible. It is a great advantage that the Office of Business Economics (OBE) series on compensation of employees is matched by an employment series based on the same sources and processed in the same way. OBE's estimates of proprietors are also a series as consistent with proprietors' income as one can obtain. To maximize consistency between input and output, I measured output from the income side of the accounts (if one starts from the expenditure side the deflated statistical discrepancy is subtracted) and used OBE employment data as the main basis for an employment series. Conceptually, the series is on a labor force basis, to permit a tie-in with labor force characteristics obtained from the Current Population Survey (CPS), but the movement is based essentially on the OBE employment data. While my employment series differs from the CPS employment series, the differences are not in long-term trends, nor in cyclical movement to any great extent. The main difference is that there are periodic changes in their relative levels: One is above the other for a number of years, then they cross over for another series of years, again reverse, and so on.
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Hours are based on establishment data from the Bureau of Labor Statistics (BLS), related to this employment series. A small adjustment, based on unpublished BLS estimates, converts hours paid for to hours worked. So much for background.
Perry has picked up my employment and hours series for his analysis. He obviously must use an "actual" labor force series that is statistically consistent with employment, and has obtained it by adding to employment an estimate of unemployment. I am convinced that, besides having the merit of consistency with output, this is a better time series for the labor force than the CPS series. Perry also required a consistent series for the potential labor force. To obtain it he needed an age-sex distribution of the actual labor force, which he derived by scattering the difference between the actual labor force as estimated and the CPS series among the groups whose labor force participation rates fluctuate.
One result of Perry's analysis particularly interested me: When the new labor force series is used, a cyclical response of the labor force to the unemployment rate remains. Until he conducted his analysis I had no idea whether this response would appear. I completely agree with Perry's procedure of measuring the potential labor force by starting from the actual and adding or subtracting the gap or surplus.
Perry's next problem was to obtain a cyclically adjusted average hours series. His rather arbitrary solution was to break the period into three pieces and use a trend value for each. He might do a little better up to 1965 by looking at employment components. Until then the main changes in average hours resulted from compositional shifts in employment from farm to nonfarm, from men to women, from full-time to part-time work, and so on. However, the big drop after 1965 was not compositional alone; hours dropped within homogeneous groups. I have no real criticism of Perry's procedure. Any way one handles the recent period will be arbitrary.
The projection assumes the old rate of decline in hours starting from the new lower level. Because changes in hours are likely to be discrete rather than gradual, they are essentially nonprojectable over periods of five or ten years or less. Nevertheless, given the assignment, I should probably have made the same assumption.
The rest of the study involves attempts to measure a trend rate of productivity change and cyclical fluctuations in productivity. I would not say Perry's results are necessarily wrong, but I must raise some questions. The broadest point is simply this: Output per weighted manhour in the whole economy, his measure of productivity, is so summary a measure that it is hard to analyze it, draw any conclusions, or appraise the results.
Perry and I agree in some sense on one statement: There has been no important acceleration or deceleration in the rate of productivity increase during the postwar period. If there has been any change, it was small. The trouble is that we define productivity in such different ways that if one of us is right, the other is in all probability wrong. Also, when I consider the three periods Perry distinguishes, I obtain a lower rate of change in the middle period than in the other two, while he does not.
Both series attempt to eliminate cyclical movements, but otherwise they are quite different. Perry defines productivity as GNP per hour worked, weighted by age and sex, in the economy as a whole. The series in which I find stability is confined to the nonresidential business sector of the economy, and within this sector measures output per unit of total input after the effects of shifts of resources out of labor and out of nonfarm selfemployment, of cyclical movements, and of minor sources of irregularity are eliminated.
My first point concerns the size of the sector covered: Unless by chance all sectors march side by side, trouble arises in dealing only with the economy as a whole. The government-household-institution sector is measured differently, behaves differently, and affects all numbers differently from the business part of the economy. Output per manhour in that sector has increased about one-third of a percent per year, much lower than the rate in the nonresidential business sector, and its share in the total has shifted up and down. Aside from the difference in the rate of productivity change, shifts in the importance of the sectors themselves affect their combined output per manhour.
In a large part of the economy, consisting of the services of dwellings plus income from abroad, output is produced with almost no manhours at all; it is entirely a product of capital. Output of these sectors should be eliminated to analyze output per manhour, and added back to obtain output in the entire economy. A rise in the proportion of output in these sectors raises output per manhour in the whole economy; a decline reduces it. The proportions have changed rather substantially over this period and not at a constant rate.
A broader point concerns what one is trying to do in this type of analysis. I start with the proposition that changes in manhours are only one of many determinants of output. One should go on to take separate account of all the determinants that affect output, or output per manhour, that can be identified and measured annually. What is left is a residual whose growth one seeks to analyze for trend.
Perry has taken account of one such determinant, the age-sex composition of hours worked. He says that other determinants, such as education or capital, are also important but that they generally change smoothly and can be allowed to ride in the residual productivitity trend.
I have tried to measure directly the effects of a much larger number of determinants. Table 1 In seeking a means to adjust productivity for changes in intensity of utilization, it seemed to me that the series most likely to be affected by such changes in the same way and at the same time as productivity was profits, or more precisely, the nonlabor share of corporate national income when depreciation is measured in current prices and on a consistent basis. I used this series to estimate the fluctuation in productivity. My approach was to compute a logarithmic trend for the most refined series on output per unit of input I could obtain, and compute an arithmetic trend (which is slightly downward) for the nonlabor share. Deviations of productivity and the nonlabor share from their trends were correlated, and the regression was used to estimate from the nonlabor share the effects of intensity of utilization on, productivity each year. The correlation is pretty good; jR2 is 0.90. I also superimposed another adjustment to eliminate the effect of irregular movements in the relationship between wages and prices on the nonlabor share itself. This refinement changed some of the numbers a little, but not very basically.
What were the alternatives? In his initial study, the portion of Okun's law reflecting the adjustment for productivity was obtained by a relationship to unemployment, as were the rest of its components. In Why Growth Rates Differ, I picked up the productivity part of Okun's formula, although I was unhappy with it. In the process of my current study, with the advantage of more years of data, I tested it and there was no correlation at all between productivity and unemployment; the calculation comes out literally as close to zero as one ever gets.
Another possibility was the change in hours worked from one year to the next, which performed better than unemployment but still not very well, giving improbable answers in some years. Then I tried both unemployment and the change in hours, and this worked no better than the change in hours alone. There are good reasons why the change in hours should not be a satisfactory indicator. For example, labor hoarding reduces productivity but raises hours worked so the causation is often backward.
In his analysis here, Perry first uses the unemployment rate. I suspect this does nothing for him at all. I checked directly on the relationship between output per manhour for the whole economy and the unemployment rate. The correlation is for all intents and purposes zero, and only trivially better if his weighted unemployment rate is used. True, I used national income as an output measure but this shouldn't matter unless the statistical discrepancy and unemployment are highly correlated. Perry also introduces a measure of the change in hours not worked. This helps quite a bit, but only about as much as the change in hours in my analysis. The two measures are close substitutes and either is helpful only in periods of rapid expansion. I doubt that Perry has as good a measure of utilization as one can get. In many years his method will yield estimates close to those obtained by my procedure but in occasional years-particularly those like 1953 or 1957 that embrace the beginning of a downturn-it yields a very different, and I believe worse, answer. The 1948-55 movement revealed in Table 2 suggests his results are quite different from mine, but I have not seen estimates for all the other years.
I do not want at this point to say that any of Perry's conclusions or his projection is wrong, yet I am reluctant to accept them as right. The whole operation is insufficiently detailed to permit much evaluation, and the procedure for cyclical adjustment of productivity is not very good.
As a final comment about the very recent period, I think it interesting that, after allowing for variation in intensity of utilization, neither of us finds any drop in the rate of productivity increase-in my case through 1969 and in Perry's through 1970. The differences in measuring inputs discussed above are probably not very important in this short-term examination of very recent changes. Robert M. Solow: When Perry first introduced the weighted employment concept in his inflation paper last year, I felt an impulse to suspend judgment about it because I was worried about whether it was a concept that simply happened to meet the requirements of the moment and might not last. Now I think that the success with which the weighted employment concept comes out here also lends, in my mind, more credibility to the analysis in the inflation paper as well. Not that there is any logical connection between the two, but the concept seems to me to be paying off.
Next, I agree with Perry that there is no evidence whatever in his paper for moving away from the hypothesis of a constant weighted productivity trend in the period. Only one equation in his Table 2 yields any worthwhile difference, and I mean worthwhile rather than statistically significant. Some differences shown in the table are not worthwhile in the sense that they are trivial and well within the specification error of any model of this kind. Equation (llf), the one equation that does yield a worthwhile difference, is suspicious on other grounds.
Finally, when it comes to accounting for the relatively slow growth of his measured potential between 1965 and 1970, Perry puts a quarter of 1 percentage point of the rate of growth on the unusually fast reduction of average hours. In the model, this comes from the dummy variable for 1966-68 which, as Perry says perfectly clearly in the paper, is strictly ad hoc. In a sense it is still unexplained. It is just that the data seemed to call for this kind of unusual reduction in hours during that period. There is probably something to it, although I do not understand why it happens. It helps explain another mystery-the decline (or, at best, the failure to rise) of real spendable weekly earnings of production workers between 1965 and 1970, even while real hourly compensation has been rising. Presumably, a good chunk of the reason lies in the autonomous reduction in hours for which we have no special explanation.
One Table 1 are so different that they are hard to compare. Denison uses actual data for part of the economy and compares them with my data on potential for the economy as a whole. Where we are closest to measuring the same thing, labor input per manhour, the big disparities in our changes between the first and second periods are worth noting. These probably reflect the large residuals that exist in the first few years in my analysis. Then, productivity moved erratically, even after adjustment for cyclical variations in unemployment. Thus, growth rates such as his, using actual data over a few years, will vary sharply according to which of the early years one starts with. Growth rates along my potential line will not.
The differences between Denison's series on labor input and his series on total input plus resource allocation indicate that everything but labor input grew unevenly when measured per hour of labor input. If some of these other factors are treated as fixed inputs, some uneven movement would be accounted for by the fact that manhours vary cyclically along the actual path. In any case, without a careful study of Denison's work it is hard to know what to make of this as a comment on my results.
The nearest that we can come to comparing our work is in the data on potential growth rates given in Table 2 . Here our results on economy-wide productivity trends are summarized using conventional manhours in both cases. Yet the comparison is still elusive, because of two essential differences.
First, what Denison calls potential is not what I call potential; the two are defined differently. His potential is defined by making the nonlabor share a prescribed fraction of total income-almost, but not quite, a constant fraction through the years. My potential is defined by holding the unployment rate at a fixed level each year.
Second, I am purposely measuring along a smoothed trend line. Denison is measuring from the end points of a potential path calculated by adjusting actual productivity in each year for his estimate of underutilization each year (defined by the ratio of the actual nonlabor share to his trend value for this share).
Our most substantial and important disagreements center on the last period. If I adjust his potential growth rate for the difference between out-put measured from the product and the income sides, our differences in the first two periods are rather small despite all the differences in concept and definition. But for the crucial last five years, our disagreements matter for we say significantly different things about what has happened recently to productivity and where the economy would be if it were at "potential. The nonlabor share was at recession levels that year. I suspect that low profits were an even bigger surprise than low productivity-that is, the unexplained residual in profits was greater. And if this is so, Denison adjusted productivity up by more than he should have.
The answer to the first of Solow's questions-Why is the 1948 to 1955 actual productivity gain larger than the gain on the potential path?-has to do again with the residuals for the earliest years, which reflect erratic movements of measured productivity and make actual end-point calculations misleading. With my data, 1948 shows a positive output gap measured using the trend line, despite a very low unemployment rate; 1950 shows a much smaller output gap despite an unemployment rate that is 1.6 percentage points higher. Actual productivity growth from 1948 to 1955 averages more than trend even though, without residuals, we could expect growth slower than trend because of some gap opening between those years. Actual productivity growth from 1950 to 1955 averages the same as trend even though, without residuals, we would expect growth to be faster than trend because of gap closing between those years. One should not take such calculations from these early years too seriously.
Solow also asks about the comparison of my estimates with the official estimates of potential output growth. The official series grows more slowly because, as near as I can tell, it is not measured accurately. The ingredients of the official estimate are unclear. I think that, as the growth in the labor force surprised the Council of Economic Advisers each year, they moved the potential path up a little bit. They did not make the full leap at any one time because to retain the rest of the trend calculation-the average hours and productivity trends-while accepting the evidence on the acceleration of the growth in the labor force would have moved potential up very rapidly, as I have indicated. The surprising thing is that they came out pretty close, by sheer luck perhaps, since the ingredients that would allow a calculation of the change in the productivity trend measured conventionally were never part of the analysis. The unemployment rate and Okun's law surely kept them compromising on how fast to move up the potential path and kept them in the ball park. Basically it was telling them that something was holding down potential output growth despite the acceleration in the labor force. Finally, there is the question of which productivity trend has really been "constant." I make no claims beyond those discussed in the paper for the constancy of productivity trend on the basis of my input measure. Statistical tests designed to find significant changes could not shake the hypothesis that the trend was constant throughout the period (although what insignificant evidence there was indicated a slowdown in recent years, while Denison implies an acceleration). I have seen no statistical evidence of constancy on Denison's concept. Conceivably, we could both be right since he does not mean by potential the same thing that I mean. But without seeing a great deal more of his analysis, including how he measures the contribution to potential output of capital, education, and other things, I cannot say whether I would accept this coincidental result. If I may borrow his phrase, I would not say Denison's results are necessarily wrong, but I must raise some questions.
General Discussion
Arthur Okun noted that Perry's results on the Okun's law multiplier were not surprisingly different from his own. He noted that his original work had shown differences in the multiplier similar to those shown by Perry, according to which question was asked. His original regressions, which sought to estimate the unemployment rate if output grew 1 percent faster than potential, gave a multiplier of around 3.2; asking what output gain accompanied a one-point reduction in the unemployment rate gave a multiplier of around 2.5. The difference comes because the correlations are not perfect, and they are similar to Perry's differences. He also had suspected that if lags were allowed explicitly, as in Perry's equation (11) 
